PURPOSE: The purpose of this study is to explore the factors associated with having a diabetic retinopathy exam (DRE) during the past 2 years among patients with diabetes.
Introduction

D
iabetes is the fifth leading cause of death in Taiwan. [1] There is evidence that the prevalence of adults with Type 2 diabetes in Taiwan increased notably 1999-2004. [2] Diabetic retinopathy (DR), characterized by retinal hemorrhage and edema leading to blindness, is a potential disabling consequence of diabetes. In a population-based study in Taiwan in 1992, DR was present in 35% of patients with diabetes. [3] The annual incidence of DR among persons with diabetes was 6.6% from 1999 to 2002. [4] Early detection and effective treatment of DR can reduce severe vision loss by up to 94%. [5] The International Council of Ophthalmology has established the guidelines for DR screening program. [6] Dilated eye examination is recommended at least annually among individuals with diabetes. [7] A patient-centered diabetes shared care network was launched in Taiwan in 1996 to integrate diabetes care across among primary and specialty physicians, nutrition specialists, nurses, and healthcare educators. [8] This network encourages physicians to provide comprehensive care for patients with diabetes; it also offers incentives for patients (e.g., an annual free DR screening is scheduled) and physicians (e.g., reimbursement for DR examinations). For patients not enrolled in diabetes shared care network, annual screening rates for DR in Taiwan are low, in absolute terms and in comparison with rates in other countries. According to the latest report by the National Health Insurance of Taiwan, only 28.2% of patients with diabetes ever received an annual DR examination (DRE) in 2009 [9] compared to annual screening rates ranging from 79% in the United Kingdom [10] and in the United States [11] to 87% in Australia. [12] A better understanding of perceived patient barriers may help to improve screening rates. Studies have identified several characteristics that are associated with reduced adherence to retinopathy screening including lack of recognition of the need for periodic eye examinations, [13] [14] [15] economic or geographic barriers, [16, 17] cultural beliefs, [18, 19] and duration of diabetes. [20] To the best of our knowledge, no research has examined the factors associated with the acceptance of DR screening among patients with diabetes in Taiwan. The present study sought to identify beliefs, personal characteristics, and other factors influencing diabetic eye care among patients in an outpatient clinic in Shin-Kong Hospital, a teaching medical center, located in Taipei, the largest city in Taiwan. The objectives of this study were to: (1) determine the regular DR screening rate among patients in a metropolitan medical center in Taiwan; (2) examine the characteristics of patients with diabetes that are associated with the acceptance of DR screening; and (3) identify the ways to improve DR screening rates.
Theoretical framework
The Health Belief Model (HBM) was used to guide this research, and conceptualize factors relevant to DRE acceptance in patients with diabetes. [21] The HBM suggests that an individual's adherence to advice from healthcare providers depends on her or his perceived susceptibility to illness. Cues to action, likelihood of benefits, and self-efficacy contribute to the likelihood of taking recommended preventive health actions. Modifying factors include demographic (age, gender, and race), social and psychological (personality, peer pressure), and structural (knowledge about disease) characteristics.
Methods
Patient recruitment
Patients with Type 1 and Type 2 diabetes who visited the outpatient eye clinic of Shin-Kong Wu Ho-Su Memorial Hospital were recruited to participate in the study. Shin-Kong Wu Ho-Su Memorial Hospital is a tertiary medical center in Taiwan, with 921 beds. A sample size of about 300 patients was estimated to provide sufficient power for the analyses. Enrollment began in January 2009 and continued until June 2009 when 313 patients completed the questionnaires. Patients with diabetes were encouraged to participate in the diabetes shared care network by endocrinologists and general practitioners. [8] Patients indicated if they participated in the diabetes shared care network in one of the survey questions. Written informed consent was obtained from all participants.
Survey instrument
The survey was designed by the authors. Each question was designed to represent one of the dimensions of the HBM or a demographic factor. We conducted a pilot test to assess the degree to which the questions were interpreted and understood, the relevance to intended topics, and the effectiveness in providing useful information. A total of 20 patients with diabetes at the eye clinic of Shin-Kong hospital participated in the pilot. We discussed the questionnaire items individually with each participant. We revised the questionnaire to improve the reliability and validity of our survey. [22] Physicians invited patients enrolled in the study to complete the survey during their visit to the clinic. For patients with low literacy, a trained assistant read the questions and recorded responses. Several survey questions addressed the perceived susceptibility as follows: duration of diabetes in years; presence of diabetic complications; presence of any eye problems; general health; belief that diabetes would affect vision; presence of diabetes-related eye problems; recent eye symptoms; and concern about their eyes. A number of survey questions obtained information related to cues to action, if the patient had been told by medical staff that diabetes could affect vision; their physician had suggested an eye checkup; and the patient had joined the diabetes shared care network. Several questions addressed possible benefits and reasons for not receiving a DRE. Patient knowledge of diabetes management methods was assessed with an eight items checklist preceded by the question, "what methods do you think can help control your diabetes?" The number of correct answers was summed and ranged from 0 to 5. Knowledge about diabetes and DR was assessed with several questions including hearing about DR; understanding how often a DRE is needed; and having information about the treatments for DR. Knowledge of the risk factors for DR was assessed by asking respondents whether six listed factors were associated with increased risk. Respondents were given one point for each correct answer. The result was a 4-point score, coded from 0 to 4. Demographic variables included age, gender, education, living arrangements (living alone or living with others in household), income, and employment status. The study was approved by the Institutional Review Boards of Shin-Kong Hospital and the University of South Carolina.
Statistical analysis
Statistical analyses were conducted using SPSS (version 15.0; SPSS Inc., Chicago, IL). Descriptive analysis examined the associations between demographic and socioeconomic characteristics of participants, and the reasons why patients did not have a DRE in the past 2 years. In bivariate analysis, the Chi-square statistic was used to examine the categorical variables; Mann-Whitney U-tests were used for continuous variables. Logistic regression was used for multivariable analysis, with the receipt of a DRE in the past 2 years (coded 1 if the patient received an examination in the past 2 years) as the dependent variable. To determine statistical significance, a P < 0.05 was used.
We used the Durbin-Watson (D) value to examine the collinearity among all of the variables in the model. There was no evidence of notable collinearity. Variables were assessed for multicollinearity with the variance inflation factor. There was no evidence of notable multicollinearity. [22] 
Results
Characteristics of patients
A total of 313 patients were recruited to participate in this study. Excluding those with no response for more than three questions eliminated 38 patients, resulting in an analytical sample of 275. Descriptive characteristics are shown in Table 1 . About 44% (120) of the patients were men. The mean age was 63.8 ± 13.2 years . About 55% of participants were over age 60. Two-thirds of the patients had less than a high school education. Most patients lived in households earning <2500 US$ per month. About 45% of patients reported having diabetes <5 years, 27% between 5 and 10 years, and 25% more than 10 years; the remaining 3% did not report the duration of their diabetes. Hypertension was the most common comorbid disease (47.6%, results not shown). About half of the participants did not know whether they were diagnosed with Type 1 or Type 2 diabetes. Table 2 reports the findings regarding health beliefs related to diabetes. In cues to action, nearly 80% of patients reported that medical staff had told them that diabetes might threaten their vision; about 83% said their physician had suggested an eye examination.
Knowledge about diabetes
In responses related to perceptions of threat, about 80% of patients believed that diabetes could threaten vision. Nearly two-thirds (64%) of the patients reported recent eye symptoms, including impaired vision (mostly due to cataract), allergic eye problems, and dry eye (results for specific symptoms not shown).
Regarding likelihood of action, in response to questions about the methods that can help to control diabetes, participants indicated as follows: monitoring blood glucose (64.4%), adopting a proper diet (46.5%), exercise (29.1%), and following their doctor's instructions (24%).
As for modifying factors, 60% of the participants had heard the term, "DR." However, only about one-third of the patients knew that retinopathy can be treated.
Only about 30% of the patients knew the frequency with which they should receive a DRE to detect eye problems in a timely manner. When asked to indicate risk factors for developing retinopathy, 40% of the participants recognized that high blood sugar was a risk. Only 15.6% of the patients correctly indicated that having diabetes more than 5 years was a risk factor for DR. Nearly half (45.8%) of the patients indicated that they were unsure of DR risk factors. Patients' reasons for lack of diabetic retinopathy screening in the past two years
The last set of results in Table 2 shows other reasons patients reported for not seeking DR screening in the past 2 years. About 43% indicated that they did not realize the need for screening. Nearly one-quarter of the patients indicated they felt it was not necessary to have a regular eye checkup. The third most common reason provided was that they believed their eyes were in excellent condition (18.1%). Other reasons provided by smaller percentages of patients included: being too busy (15.5%), having no family to accompany them to an appointment (7.8%), and difficulty obtaining an appointment (6.4%).
Associations between patient characteristics and receipt of diabetic retinopathy exam Unadjusted results
Of the demographic factors, only general health was associated with receipt of a DRE in the past 2 years in unadjusted bivariate analysis (P = 0.023; results not shown). Table 3 shows the results for associations between patient beliefs and reported receipt of DRE. Regarding cues to action, compared with patients who did not report that they received DRE screening, those who said that they received DRE were more likely to report that the medical staff discussed the risk of having diabetes for their vision and that their physician advised them to get an eye checkup (P < 0.05).
Among modifying factors, knowledge about DR was significantly associated with receipt of DR exam. Knowing that DR can be treated, knowing the risks of DR, and knowing the appropriate frequency to have an eye checkup for early detection of DR were significantly associated with receipt of a DR in the past 2 years (all P < 0.05).
Among the self-efficacy items, none differed significantly between patients who reported receipt of a DRE within 2 years and those who had not. 
Adjusted results
The results of multivariable logistic regression are shown in Table 4 . Factors significantly associated with reported receipt of a DRE within the past 2 years included: The doctor or nurse mentioned the relationship between diabetes and DR (cue to action); belief that diabetes could affect the eyes (perceived susceptibility); being a housewife, and reported having excellent health status (demographic characteristics); worry about eyes was associated with lower odds of receiving a DRE within the past 2 years (all P < 0.05).
Discussion
Sixty percent of patients in our study reported that they received a dilated eye examination in the past 2 years. Their belief that diabetes could harm their eyesight was significantly associated with reported receipt of a DR exam. These results suggest that the perceived susceptibility to illness is an important determinant of taking a health-protective action. Reasons patients provided for not receiving a DRE at recommended intervals were consistent with a lack of perception of severity of illness. Although nearly 80% of patients with diabetes said medical staff had informed them that diabetes could lead to eye complications, about two-thirds of patients without a recent DRE indicated the reason was they do not know (or think) it is necessary. The latter finding indicates that information provided in routine communication with health providers was not sufficient to prompt preventive actions.
Regarding the result that "worry about eyes" was associated with lower odds of receiving a DRE, we note that "belief that diabetes could affect the eyes" and "worry about eyes" ask about distinct concepts. The first question suggests that eyes could be damaged by diabetes. Responding to this question, patients may be concerned about the suggested medical threat, a concern that may cause them to envision seeking health care to avoid eye damage. The second question asks if patients are concerned about their eyes. Patients who worry about health problems may avoid screening to avoid unpleasant news, or discomfort (or perceived discomfort) associated with eye procedures. [23] The latter reasons may account for the results for "worry about eyes."
In findings related to cues to action, whether a physician mentioned the relationship between diabetes and DR was significantly associated with receiving a periodic eye exam, whereas providing advice about having an eye checkup was not. Studies have shown the importance of receiving advice from health care professionals in developing structured educational programs. [24, 25] Thus, physicians should emphasize the importance of DR screening to prevent irreversible visual loss. In addition to education, health professionals should inquire about the status of a recent DR examination, and recommend patients for appropriate medical care.
Revisiting the conceptual framework that guided our study, five dimensions comprise the perception of illness: Identify, cause, timeline, consequences, cure or control; these factors provide a framework for patients to make sense of the symptoms, assess health risk, direct action, and cope. [26] Our findings indicate that perceived susceptibility is associated with the acceptance of DR screening. On the other hand, patients recently diagnosed with diabetes mellitus who did not experience eye problems may not be aware of the need to have eye examination; this finding is consistent with previous studies.
[ [27] [28] [29] Consistent with previous studies, our findings confirmed that knowledge is not a significant predictor for receiving regular eye examinations. Knowledge is the basis for health seeking, [30] but is not sufficient to prompt changes in health behaviors. [31, 32] The level of knowledge about DR in our participants was low.
Taiwan implemented a universal health insurance system in 1995. Thus, for many, financial barriers for eye exams were minimized for patients who participated in this study. Regarding demographic and social characteristics, we found that patients who had a DR screening considered themselves to be in better health than those did not. The result is consistent with earlier studies in that individuals who prioritize their health may also be more aware of the importance of eye examinations to avoid loss of vision. [33] Time spent for DRE has been recognized as a barrier. [13] We included working status in the multivariable model to capture information about time required for DRE. Women who reported that they were housewives were more likely than participants working in a stable job to report receiving DRE. About 32% of participants were retired. As retired women in Taiwan seldom work again, some of the women who were retired may have responded that they were housewives. However, receiving DRE was not significant for those who were retired. It is not clear why retired participants were also not significantly more likely to report receiving DRE.
With advances in technology, nondilated digital retinal photography combined with remote evaluation of the resulting images has been applied to DR screening in a number of regions. [34] [35] [36] Retinal photography has acceptable sensitivity and specificity to detect DR. [37] Compared with traditional DRE, using nondilated digital photography is fast, cost-effective; this procedure eliminates temporary blurry vision associated with pupil dilation; the instrument can be readily installed. However, images can be unreadable due to media opacity and smaller pupils, which commonly occur among older adults. [34] To-date, ophthalmologists do not recommend that nondilated digital retinal photography replace traditional DRE. [37] In the present study none of the patients had nondilated photography as part of their retinopathy screening.
Approximately 40% of patients in our study participated in the nation-wide diabetes shared care network. Among these patients, only about 62% stated that they had a dilated eye checkup within the previous 2 years. There was no difference in the screening rate for eye exams among patients who were in the diabetes shared care network or who were not. Care networks have been reported to improve the process and outcome of diabetic care: For example, the prevalence of fundus examination increased from 2.4% to 31.6% after implementation of the national-wide diabetic care program in Kuwait. [38] Effectiveness of implementing diabetes shared care network in Taiwan warrants further study.
We acknowledge additional limitations. First, our participants had a variety of eye symptoms or diseases. Patients with greater knowledge about diabetes care may have been more likely to respond to the survey. Thus, the prevalence of having a recent DR examination may be higher among patients in our sample. We note that national estimates in Taiwan for annual DR exams in 2009 were about 28.2%, substantially lower than the results in our study. The sample size in our study was relatively small. The economic and educational levels of our sample were lower than the average levels in Taiwan. In 2008, among people age 25-64 in Taiwan, 36% of had at least collage degree; the analogous percentage in Taipei was 57.2%.
[39] Average household income per month in Taiwan was about 2500 US$ in 2005.
[40] Thus, findings may not generalize to patients in Taiwan; however, our results may help to describe DRE use by individuals with characteristics that are similar to those of our sample, people who on average have greater risks for complications of diabetes than the population of Taiwan. The survey was conducted by self-administered questionnaires. We improved the validity and reliability of the survey with an extensive pilot test of the questionnaire. [22] Nonetheless, we acknowledge that the results may have been affected by difficulty recalling information or lack of accurate reporting by participants. The data were collected in 2009. However, to the best of our knowledge, this is the first study to address this topic. Further, there have been no notable changes in ophthalmology policy or practice since this study was conducted. In addition, we are not aware of any change in the relationship of screening with ophthalmic outcomes since the time when we conducted this study, and we have no reason to believe that patient beliefs or behaviors regarding DR screening have changed since we conducted the study. Thus, the results of this study may help to inform practice and research.
Management of diabetic care is a complex process. A multifaceted approach to promote the management of diabetes is needed. Our findings highlight that the perception of threat was an important determinant in promoting diabetic eye care among patients in Taiwan.
Conclusions
Sixty percent of patients reported that they received a DRE in the past two years. Their belief that diabetes could harm their eyesight was significantly associated with reported receipt of a DRE. These results suggest that the perceived susceptibility to illness is an important determinant of taking a health-protective action and may be an important determinant in promoting diabetic eye care among patients in Taiwan.
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